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Behavioral	  and	  Chemical	  Analysis	  of	  Deposited	  
Chemical	  Cues	  in	  Striped	  Plateau	  Lizards	  
Methods	  
Chemical	  Cue	  Collec,on	  
Lizards	  were	  captured	  in	  the	  area	  surrounding	  the	  Southwestern	  Research	  
Sta?on	  near	  Portal,	  AZ.	  Female	  lizards	  were	  housed	  on	  TLC	  plates	  for	  one	  
week	  to	  facilitate	  collec?on	  of	  chemical	  deposits.	  Plates	  were	  removed	  and	  
UV-­‐visible	  deposits	  (Figure	  2)	  were	  scraped	  into	  a	  vial	  containing	  hexane	  
and	  water.	  The	  two	  layers	  were	  then	  separated.	  
	  
Behavioral	  tes,ng	  
Behavioral	  responses	  to	  deposited	  cue	  extrac?ons	  were	  observed	  during	  
30-­‐minute	  behavioral	  trials.	  Trials	  consisted	  of	  a	  choice	  test	  design	  where	  
males	  were	  presented	  with	  one	  extracEon	  layer	  (water	  cue	  or	  hexane	  
cue)	  and	  a	  solvent	  control	  (hexane	  control	  or	  water	  control)	  
simultaneously	  (Figure	  3).	  	  Each	  male	  was	  tested	  twice,	  once	  with	  each	  
layer/solvent.	  	  45	  male	  lizards	  were	  tested	  and	  each	  was	  exposed	  to	  the	  
chemical	  cues	  of	  a	  diﬀerent	  female.	  Behavioral	  trials	  were	  conducted	  
during	  both	  the	  pre-­‐ovulaEon	  maEng	  season	  (Season	  1;	  n	  =	  22)	  and	  the	  
post-­‐ovulaEon	  non-­‐maEng	  season	  (Season	  2;	  n	  =	  23).	  	  
	  
Chemical	  analysis	  
Samples	  were	  analyzed	  using	  GC/MS.	  5µL	  sample	  injec?ons	  were	  
performed	  in	  splitless	  mode	  using	  helium	  as	  the	  carrier	  gas,	  with	  injector	  
and	  detector	  temperatures	  at	  270	  ˚C	  and	  250	  ˚C,	  respec?vely.	  The	  oven	  
temperature	  program	  was	  as	  follows:	  50	  ˚C	  isothermal	  for	  10	  min,	  then	  
increased	  to	  280	  ˚C	  at	  a	  rate	  of	  5	  ˚C/min,	  and	  then	  isothermal	  (280	  ˚C)	  for	  
30	  min.	  Mass	  spectral	  fragments	  below	  m/z	  =	  39	  were	  not	  recorded.	  
Results	  were	  compared	  to	  the	  NIST/EPA/NIH/	  2005	  mass	  spectral	  library.	  
Protocol	  adapted	  from	  Lopez	  and	  Mar?n	  (2009).	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Background	  
Chemical	  cues	  (pheromones)	  are	  important	  mediators	  of	  reproduc?ve	  
behavior	  in	  many	  rep?les.	  A	  number	  of	  behaviors	  are	  associated	  with	  
chemosensa?on	  including:	  tongue-­‐ﬂicking,	  jaw-­‐wiping,	  and	  cloacal	  rubbing	  
(Mason,	  1992).	  	  Many	  pheromones	  are	  produced	  by	  glands	  and	  deposited	  
on	  substrates	  throughout	  the	  environment	  (Muller-­‐Schwarze,	  2006).	  
Lizards	  possess	  an	  array	  of	  glands	  that	  secrete	  chemical	  cues.	  These	  glands	  
open	  onto	  the	  skin	  surface	  near	  the	  vent	  or	  on	  the	  thighs.	  	  During	  ma?ng	  
seasons	  the	  glandular	  secreEons	  of	  many	  lizards	  contain	  elevated	  levels	  
of	  lipophilic	  compounds	  including:	  free-­‐faWy	  acids,	  sterols,	  and	  long-­‐chain	  
faWy	  alcohols	  (Weldon	  et	  al.,	  2008).	  	  	  
	  
The	  striped	  plateau	  lizard	  (Sceloporous	  virgatus,	  ﬁgure	  1)	  is	  a	  small	  lizard	  
na?ve	  to	  the	  Chiricahua	  Mountains	  of	  Arizona.	  	  Their	  ma?ng	  season	  takes	  
place	  during	  mid	  to	  late	  May.	  It	  ends	  when	  females	  ovulate	  and	  become	  
gravid	  in	  early	  June.	  	  Previous	  studies	  have	  shown	  that	  S.	  virgatus	  uses	  
deposited	  chemical	  cues	  to	  communicate	  phenotypic	  informaEon	  of	  body	  
size	  (Fritzche	  and	  Weiss,	  2012).	  
	  
In	  this	  study	  we	  examine	  the	  behavioral	  response	  of	  males	  to	  deposited	  
chemicals	  of	  females	  as	  well	  as	  the	  chemical	  composi?on	  of	  the	  deposits.	  
We	  have	  hypothesized	  that	  1)	  males	  will	  respond	  more	  strongly	  to	  
female	  deposits	  during	  the	  maEng	  season,	  2)	  responses	  to	  lipophilic	  
molecules	  will	  be	  stronger	  than	  to	  hydrophilic	  ones,	  and	  3)	  that	  female	  
deposits	  will	  be	  more	  complex	  during	  the	  maEng	  season.	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Discussion	  and	  Future	  DirecEons	  
These	  results	  support	  the	  hypothesis	  that	  male	  lizards	  would	  be	  more	  
responsive	  to	  female	  chemical	  cues	  during	  the	  ma?ng	  season	  than	  during	  the	  
non-­‐ma?ng	  season	  (ﬁgure	  4).	  Despite	  this	  no	  seasonal	  diﬀerences	  in	  
chemosensory	  behaviors	  directly	  to	  cues	  were	  found	  (data	  not	  shown).	  
Therefore	  the	  observed	  trends	  are	  likely	  due	  to	  seasonal	  changes	  in	  overall	  
male	  acEvity	  and	  not	  due	  to	  changes	  in	  female	  cue	  composiEon.	  
	  
The	  results	  of	  the	  behavioral	  analysis	  do	  not	  support	  the	  hypothesis	  that	  
lipophilic	  molecules	  will	  be	  preferred	  to	  hydrophilic	  molecules.	  	  The	  
hydrophilic	  (water)	  cues	  elicited	  signiﬁcantly	  higher	  responses	  than	  the	  
lipophilic	  ones	  (ﬁgure	  5),	  yet	  neither	  cue	  elicited	  a	  higher	  response	  than	  the	  
corresponding	  control.	  This	  indicates	  that	  diﬀerences	  in	  acEvity	  during	  trials	  
were	  likely	  not	  due	  to	  diﬀerences	  in	  dissolved	  chemical	  cues,	  but	  possibly	  to	  
due	  alteraEons	  in	  behavior	  caused	  by	  the	  solvents.	  As	  such	  the	  presence	  of	  
hexane,	  especially	  vola?zed,	  may	  have	  ar?ﬁcially	  decreased	  ac?vity.	  
	  
Due	  to	  diﬃcul?es	  analyzing	  the	  hydrophilic	  samples,	  only	  the	  lipophilic	  ones	  
have	  been	  chemically	  analyzed	  to	  date.	  It	  should	  be	  noted	  that	  the	  results	  of	  
all	  chemical	  analyses	  are	  preliminary	  and	  no	  peaks	  have	  been	  conﬁdently	  
idenEﬁed.	  All	  peaks	  observed	  in	  season	  2	  were	  also	  found	  in	  season	  1,	  
although	  they	  were	  more	  abundant	  (in	  terms	  of	  absolute	  abundance)	  during	  
season	  1	  (ﬁgure	  6).	  	  Our	  hypothesis	  that	  samples	  from	  season	  1	  would	  be	  
more	  complex	  was	  supported.	  Comparison	  to	  to	  the	  NIST/EPA/NIH/	  2005	  
mass	  spectral	  library	  suggests	  that	  many	  peaks	  found	  only	  in	  season	  1	  
correspond	  to	  n-­‐alkanes	  (C9-­‐20),	  sterols,	  and	  faWy	  alcohols.	  The	  peak	  at	  RT	  =	  
40.1	  was	  iden?ﬁed	  as	  a	  phthalate	  contaminant	  by	  comparison	  to	  controls	  and	  
the	  mass	  spectral	  library.	  	  The	  peak	  at	  RT	  =	  35.8,	  found	  in	  both	  seasons,	  may	  
correspond	  to	  a	  faly	  alcohol.	  
	  
In	  order	  to	  conﬁrm	  the	  idenEty	  of	  chemical	  cue	  components,	  spectra	  
obtained	  from	  samples	  will	  be	  compared	  to	  those	  of	  authenEc	  standards.	  	  
This	  will	  be	  done	  for	  both	  lipophilic	  and	  hydrophilic	  samples.	  Before	  
hydrophilic	  molecules	  can	  be	  analyzed	  the	  samples	  must	  ﬁrst	  be	  concentrated	  
via	  lyophiliza?on.	  Both	  samples	  and	  standards	  will	  be	  analyzed	  by	  GC/MS.	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Figure	  6.	  Gas	  chromatographs	  of	  lipophilic	  components	  of	  deposited	  chemical	  cues	  collected	  during	  
season	  1	  (ma?ng,	  A)	  and	  season	  2	  (non-­‐ma?ng,	  B).	  More	  peaks	  were	  found	  during	  samples	  collected	  
during	  season	  1	  than	  season	  2.	  All	  peaks	  in	  season	  1	  were	  more	  abundant	  than	  season	  2.	  Comparison	  to	  
control	  extrac?ons	  revealed	  the	  tall	  peak	  at	  RT	  =	  40.1	  min	  as	  a	  contaminant.	  
Figure	  3.	  Male	  lizards	  were	  presented	  with	  a	  chemical	  
cue	  frac?on	  and	  a	  solvent	  control	  simultaneously.	  
Solu?ons	  were	  slowly	  dripped	  on	  ﬁlter	  paper	  and	  
presented	  to	  male	  lizards	  on	  bricks.	  
Figure	  2.	  Chemical	  cue	  deposit	  on	  TLC	  plate	  
visible	  under	  UV-­‐light.	  
Figure	  1.	  The	  Striped	  Plateau	  lizard	  (Sceloprous	  
virgatus)	  is	  a	  small	  lizard	  na?ve	  to	  the	  Chiricahua	  
Mountains	  of	  Southeastern	  Arizona.	  

























Figure	  4.	  Boxplot	  showing	  the	  eﬀect	  of	  season	  
on	  the	  overall	  rate	  of	  chemosensory	  behavior	  
during	  both	  trial	  types.	  Signiﬁcant	  diﬀerences	  in	  
chemosensory	  sampling	  were	  seen	  between	  
seasons	  during	  both	  hexane	  (Mann-­‐Whitney	  U,	  
p=0.008)	  and	  water	  trials	  (Mann-­‐Whitney	  U,	  
p=0.019).	  	  During	  both	  trials	  types	  the	  rate	  of	  
chemosensory	  behaviors	  was	  higher	  during	  
season	  1	  (ma?ng)	  than	  season	  2	  (non-­‐ma?ng).	  
Eﬀect	  of	  Season	   Eﬀect	  of	  lipophilic	  vs.	  hydrophilic	  
frac?ons	  
Figure	  5.	  Boxplot	  comparing	  the	  rate	  of	  
chemosensory	  behaviors	  in	  response	  to	  each	  
treatment.	  Data	  includes	  both	  seasons.	  Response	  to	  
the	  water	  cue	  (hydrophilic)	  was	  found	  to	  be	  
signiﬁcantly	  higher	  than	  the	  response	  to	  the	  hexane	  
cue	  (lipophilic)	  (Wilcoxon,	  p=0.030)	  but	  not	  diﬀerent	  
from	  the	  water	  control	  (Wilcoxon,	  p=0.053).There	  
was	  no	  diﬀerence	  between	  the	  hexane	  cue	  and	  
control	  (Wilcoxon,	  p=0.256).	  
